1. INTRODUCTION {#sec1-1}
===============

Keratoconus (KC) is a bilateral non-inflammatory corneal ectasia, generally manifested in the second decade of life, which results in progressive, bilateral and asymmetrical corneal distortion and thinning, altered refractive powers and reduced vision ([@ref1]). Clearly identified in 1854 by John Nottingham, this degenerative disease requires an invasive intervention such as corneal transplantation in 15-20% of cases, although a number of conservative procedures has been developed. These are Corneal Collagen Cross-linking (CXL) ([@ref2]), Intrastromal Corneal Ring Segments (ICRS) ([@ref3]), Mini Asymmetric Radial Keratotomy (MARK) ([@ref4]), Circular Keratotomy (CK and FemtoCK) ([@ref5]) and Conductive Keratoplasty (CKP).

Corneal Cross-linking, the most recent among these, is widely regarded as the golden standard in the treatment of KC, due to the fact that it halts its progression and slightly reduces corneal curvature, if performed with epithelium removal. It is not intended, however, as a procedure to correct vision, a condition that has led to its combination with refractive procedures. Successful CXL-combined protocols have been reported with PRK, i-LASIK, ICRS, MARK ([@ref6]), Phakic Intraocular Lenses (PIOL) and CKP ([@ref7]). We report the case of a 14-year-old boy with a stage IV keratoconus in both eyes, which has been treated with a combined MARK + CXL intervention, known as the "Rome Protocol", with a maximum follow-up of over 13 years.

2. CASE REPORT {#sec1-2}
==============

In 2003 a 14-year-old boy presented with a bilateral keratoconus in considerably advanced stage, diagnosed the previous year. The patient underwent a thorough clinical examination prior to the intervention, which included measurement of uncorrected (UCVA) and best corrected visual acuity (BCVA), corneal topography, axial biometry, pachymetry, endothelial cell count, keratometry and slit lamp examination. A written informed consent was required as a part of our pre-operative routine. The patient's left eye, in worse conditions, had a Kmax of 61.53 dioptres (D), a Kmed of 46.25 D and thinnest pachymetry of 410 microns (µm), whereas the right eye showed a Kmax of 55.86 D, a Kmed of 44.38 D and thinnest pachymetry of 475 µm ([Figure 1](#F1){ref-type="fig"}).

![Axial map of the left and right eye before the combined intervention. Kmax was, respectively, 61.53 D and 55.86 D](MA-71-69-g001){#F1}

3. MARK SURGERY {#sec1-3}
===============

Given the rapid progression of the disease and the increasing visual impairment it produced, Mini Asymmetric Radial Keratotomy (MARK) was performed on the left eye in 2003 and on the right eye in 2007. MARK was first developed by the author (M.A.) in 1993 and consists of a small series of micro-incisions performed with a diamond knife and a double concentric corneal marker, known as the "Abbondanza marker". MARK incisions are topography- and tomography-guided with the aim of flattening only the portion of cornea where keratoconus is manifest -- thus avoiding excessive flattening and favoring a stable outcome -- and are always performed to a maximum of 7.5-8 mm on the external end and a minimum of 3.5-4 mm on the internal end, at 80 to 90% of corneal thickness ([Figure 2](#F2){ref-type="fig"}). Topical anesthesia was applied prior to the treatment with benoxinate chloride 0.4% drops. Following the intervention, a bandage contact lens was placed and topical antibiotics and non-steroidal anti-inflammatory drops were prescribed. Postoperative conditions were regularly checked, showing the stabilization of both eyes.

![Diagram of MARK micro-incisions](MA-71-69-g002){#F2}

CXL treatment {#sec2-1}
-------------

In order to further strengthen the patient's corneal tissue, Corneal Cross-linking with epithelium removal (Dresden protocol) was performed on both eyes in 2013. Following topical anesthesia, the removal of corneal epithelium was performed using an ophthalmic scalpel (MicroFeather, Feather Safety Razor Co. Ltd., Osaka, Japan), while riboflavin eye drops (B2 vitamin) were applied on the corneal stroma 30 minutes before the procedure, 10 times at 3 minute intervals. Riboflavin was then applied 6 times at 5 minute intervals during UV-A irradiation. The UV-A source used was the UV-X illumination system, version 1000, from IROC AG, Switzerland, while total UV-A exposure time was 30 minutes. Following CXL, a bandage contact lens was placed and topical antibiotics and non-steroidal anti-inflammatory drops were prescribed.

4. RESULTS {#sec1-4}
==========

13 years and a half after MARK surgery and 3 years and a half after CXL treatment, the patient's left eye showed considerably improved topographic and tomographic parameters ([Table 1](#T1){ref-type="table"}): Kmax was 56 D, Kmed was 44.3 D and thinnest pachymetry measured 516 µm. The right eye, 9 years and a half after MARK and 3 years after CXL, also presented significantly improved values: Kmax of 47,7 D, Kmed of 44 D and thinnest pachymetry of 527 µm ([Figure 3](#F3){ref-type="fig"}). During the latest examination, the patient had a BCVA of 0.045 LogMAR (9/10) with both eyes and a binocular BCVA of -0.079 LogMAR (12/10).

###### 

Pre- and post-MARK + CXL values, with 13.5 years of follow-up for the left eye and 9.5 years for the right eye
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![Axial map of the left and right eye after the combined intervention. Kmax was, respectively, 56 D and 47.7 D](MA-71-69-g004){#F3}

5. DISCUSSION {#sec1-5}
=============

Mini Asymmetric Radial Keratotomy has been used for more than two decades as a treatment for progressive keratoconus in early stages, showing positive and stable results from the short to the long term. Its micro-incisions (approximately 2 mm) and the limited angular span of the cornea they involve (only where KC is localized) are the main differences with the old RK, producing a considerably more stable result compared to that of the latter, a condition that is extremely significant when treating this corneal ectasia. Corneal Collagen Cross-linking, on the other hand, successfully halts the progression of KC, although with only a slight degree of corneal regularization, quantified in 1.2 D with epithelium removal ([@ref8]).

The increased corneal strength and thickness resulting from CXL, along with the lack of any invasive procedure involved, have therefore led to a series of combined protocols, where CXL is paired with other refractive interventions and is thus named "Cross-linking Plus". The experience with MARK surgery, conceived by the author, and that with CXL treatment, performed by our team since 2005, brought us to the development of the MARK + CXL combined procedure, the "Rome Protocol".

It is a valid therapeutic option for patients affected by keratoconus that are contact lens intolerant and have inadequate vision with spectacles, due to high irregular astigmatism. This indication can be extended to selected patients that are especially prone to develop superficial and centrally located corneal scars secondary to extended contact lens use. Moreover, it is important to remind the this combined intervention does not preclude any other invasive procedure, as MARK micro-incisions don't extend beyond a corneal diameter of 8 mm peripherally, which means they are included in the diameter of corneal tissue to be substituted in case of corneal transplantation.

6. CONCLUSION {#sec1-6}
=============

Today we witness a threefold set of improvements when treating keratoconus: the availability of more accurate instruments for the diagnosis of KC; a deeper knowledge of it by both doctors and patients and, lastly, more therapeutic options, represented by conservative treatments such as those outlined in the introduction but also by less invasive corneal transplantations. It is worth reminding that keratoconus can be insidious, especially when developed in young patients, a group in which it generally progresses more rapidly. In our case, the MARK + CXL combined procedure was effective in halting the progression of KC and considerably improving visual acuity of a 14-year-old patient with bilateral stage IV keratoconus, whose conditions have been stable for a long period of observation. Conclusively, it is important to underline that conservative treatments should always be privileged when treating keratoconus, particularly when dealing with very young patients with developed stages of the pathology.
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